An extensive study on Se accumulation in a population of Anadara trapezia from a marine lake is reported. The effects of organism mass, gender, reproductive cycle, and season on Se accumulation and tissue distribution were investigated. Analyses showed that gender and reproductive cycle had no significant effect on Se accumulation. A. trapezia showed a strong positive correlation between Se burden and tissue mass. Constant Se concentrations were observed within individual populations but varied spatially with sediment Se concentrations. Se concentrations in tissues decreased from gills>gonad/intestineOmantleO muscleOfoot, which remained constant over 12 months, however, significantly lower concentrations were observed in the summer compared to winter. A. trapezia is a good biomonitor for Se, as gender and size do not effect concentration, however, season of collection must be reported if changes in Se bioavailability are to be identified in short term studies, or during intersite comparisons. Abstract 1 2 An extensive study on Se accumulation in a population of Anadara trapezia from a marine 3 lake is reported. The effects of organism mass, gender, reproductive cycle, and season on Se 4 accumulation and tissue distribution were investigated. Analyses showed that gender and 5 reproductive cycle had no significant effect on Se accumulation. A. trapezia showed a strong 6 positive correlation between Se burden and tissue mass. Constant Se concentrations were 7 observed within individual populations but varied spatially with sediment Se concentrations. 8 Se concentrations in tissues decreased from gills > gonad/intestine > mantle > muscle > foot, 9 which remained constant over twelve-months, however, significantly lower concentrations 10 were observed in the summer compared to winter. A. trapezia is a good biomonitor for Se, as 11 gender and size do not effect concentration, however, season of collection must be reported if 12 changes in Se bioavailability are to be identified in short term studies, or during intersite 13 comparisons. 14 15 16
Introduction
1 Selenium is a naturally occurring trace element that is an essential nutrient in biological 2 systems. It is readily incorporated into amino acids, such as selenocysteine and 3 selenomethione, through specific tRNA molecules (Lee et al., 1990; Hatfield et al., 1991) , 4 which are building blocks for various selenoproteins including glutathione peroxidase and 5 selenoprotein P (Burk, 1991; Mizutani et al., 1991; Read et al., 1990) . However, Se is toxic to 6 organisms at elevated concentrations (Moxon and Olson, 1974) , and high concentrations of 7 selenium in fish tissues have been found to cause reproductive failure, teratogenic deformities 8 and mortality (Lemly 1997; 1999; 2002) . 9 10 Australian marine organisms are normally not exposed to Se and tend to have low Se 11 concentrations (Maher et al., 1992 , Baldwin and Maher, 1997 , Maher and Batley, 1990 ) . 12 However, more than 80% of the Australian population is located on the coastal plains of the 13 East (Yapp 1986 organisms. Their reviews found that there is limited information on Se concentrations and 21 factors influencing Se assimilation and accumulation in marine organisms, both in Australia 22 and internationally. A decade after these reviews, the poor understanding of Se in marine 23 systems was again highlighted by the release of the Australian and New Zealand Guidelines 24 for Fresh and Marine Water Quality (ANZECC/ ARMCANZ, 2000) . Within these guidelines, 25 collected. In A. trapezia, the gonad tissue is spread across the umbo region, and it is not 1 possible to quantitatively separate these tissues during routine dissection. For the temporal 2 study, organisms were dissected into adductor muscle, foot, gills, gonad/intestine and mantle. 3
A blood sample was also collected. Samples were stored at -20°C prior to freeze-drying at -4 80°C for 48 h. 5 6 All field and laboratory equipment for dissolved metal analysis was detergent washed for 24 7 h, soaked in 10% (v/v) HNO 3 (Analytical Reagent grade) for a minimum of 24 h followed by 8 soaking and rinsing three times with high purity milli-Q water (millipore corp, 18 MΩ/cm 9 resistivity The accuracy of the electrothermal atomic absorption technique was previously assessed using 23 certified reference materials (Deaker and Maher, 1995) . In the current studies the certified 24 reference materials NIST 1566a (Oyster tissue) and NBS SRM 1577a (Bovine Liver) were 1 routinely run in each sample batch. For the mass and gender study, selenium analyses of these 2 reference materials produced recoveries of 2.06 ± 0.5 µg.g -1 (n=12) and 0.65 ± 0.04 µg.g -1 3 (n=21), which were in agreement with the certified values (2.08 ± 0.2 µg.g -1 and 0.71 ± 0.07 4 µg.g -1 , respectively). For the 12-month study, NIST 1566a recoveries of 2.03 ± 0.05 µg.g -1 5 (n=25) were achieved, which were also in agreement with the certified value. 6 7
Statistical analysis. 8
For the effect of mass and gender study, a series of correlations based on the Spearman's rho 9 were used to investigate the relations of Se concentration with dry tissue mass (SPSS, 1998). 10
A Mann-Whitney T-test was used to investigate the differences in Se concentration between 11 genders (SPSS, 1998). Because of the high number of comparisons in the size/gender study 12
(2 sexes, 4 tissues, 240 individuals) the significance level was lowered from α = 0.05 to α`1 = 13 0.013 in accordance with the Dunn-Sidak method for the correction of multiple comparisons 14 (Sokal and Rohlf, 1995) . 15
16
For the 12-month study, a factorial ANOVA was used to investigate the difference in Se 17 concentration between individual tissues. A separate analysis was performed for each month 18 and for the entire year. Significant effects detected were followed up with a Partial Model 19 multiple comparison test using Scheffe adjust for type 1 error (Sokal and Rolf, 1995). Effects 20 for each factor were compared after the removal of the other factor, using the LSMEANS 21 option in the SAS® procedure GLM (SAS®, 1988) . Because of the high number of 22 comparisons in the study (11 months, 2 sexes, 7 tissues) the significance level was once again 23 lowered from α = 0.05 to α`2 = 0.0073 (Sokal and Rohlf, 1995). Watling and Watling, 1976). These results demonstrate that the effect of gender on selenium 6 accumulation in bivalves is species specific, and can not be generalized. 7 primarily attributed to increased metabolic rates in smaller organisms. Increased metabolic 20 rates, and subsequent growth rates, in juveniles would explain the greater variability in Se 21 concentration for A. trapezia with a dry mass below 0.5 g (Figure 2A -D). 22
Results and Discussion
In this study, the near constant Se concentrations observed in the range of organisms (18-60 1 mm in length, 1 -4 years old (Nell et al., 1994)) indicates that age has no effect on Se 2 concentration in A. trapezia. This is in contrast to some other bivalve species which were 3 found to contain higher metal concentrations with age including: Cd, Fe and Zn (not Cu or The study of mass effects on Se accumulation in A. trapezia showed that Se concentrations 16
were not related to organism mass when the population was sampled at the same time. 17
However, the 12-month study showed that the entire population experienced a significant 18 seasonal fluctuation in both Se concentration and mass for the same population. Our results 19
show that Se concentrations decreased as tissue mass increased, particularly in the summer 20 months. Many researchers have attributed seasonal fluctuations in metal concentrations to 21 food availability during the summer, corresponding to an increase in tissue mass and a 22 dilution of metal concentration (Bryan, 1973; Orren et al., 1980) . Although phytoplankton 23
was not monitored in Lake Macquarie during this study, phytoplankton productivity is high 1 supply may not be the only factor causing a decrease in organism metal concentration in 2 warmer waters. Tissue metal concentrations may also decrease in summer because of the 3 general increases in organism metabolism (ventilation, metal uptake and excretion rates) females, rather than being lost with gametes on spawning, resulting in no gender differences. 24
The Se that was lost from A. trapezia during spawning events (in February and April, Figure 3G ) was probably a decrease in tissue mass (gametes) that contained average Se 1 concentrations. Therefore, the reproductive cycle does not have a large influence on whole Se 2 concentrations in A. trapezia. 
